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Cata lase Activity in Crown Gal Is, 
Helianthus Annuus 
MARK C. BILDSOE* 
ABSTRACT - Crown gall is a neoplastic disease in plants initiated by a specific bac-
terium, Agrobacterium tumefaciens. The objective of this investigation was to describe 
quantitatively the relationship between the autonomous growth of crown galls and the ac-
tivity of the metabolic enzyme catalase. The catalase bioassay revealed a substantial in-
crease In the amount of catalase present in tumor tissues as compared to corresponding 
healthy tissues in Hellanthus annuus. Observations concerning growth activity of the two 
tissues indicated a significant growth increase in the crown galls. 
Crown gall growth in various plants has been known and 
recorded for more than a century. French and Geiman scien-
tists associated the trouble with frosrs or with mechanical in-
juries. Nurserymen first noted this plant disease in the United 
States in 1890, shortly after crown gall outbreaks were reported 
on apple crops in Germany in 1886 (Heald, 1933). This has led 
to the suggestion that the disease was introduced to this country 
by contaminated apples imported from Europe (Braun, 
19~9). · d · · · · h I 1800' all dise h -.,mce tts escr1pnon m t e ate s, crown g ase as 
been the subject of much research. Varying opinions were 
prevalent cortceming the nature of the disease. Some suggested 
parasitic infestation, while others suggested mechanical injury. 
In 1907, Smith and T ownsehd isolated the pathogen Agrobac-
terium tumef aciens, from the galls of the Paris daisy (Braun and 
Stoner, 1958). 
A Description of the Disease 
Crown gait-is a disease which infects 142 genera of vascular 
plant's belonging to 61 widely separated botanical families 
(Braun and Stoner, 1958). This disease is associated with 
autonomous growth in cells caused by some unknown tumor-
inducing principle of Agrobacterium tumefaciens. Once initiation 
has been accompl"5hed, the continued abnormal proliferation of 
the host be<:omes an I uncontrollable process independent of the 
original bacteria (Braun and Stoner, 1958). 
In sunflower, Hel.ianthus annuus, tumors can vary in size from 
small inconspicious swellings to extremely large, convoluted 
overgrowths. In other genera, tumors have been reported 
weighing in excess of 75 pounds (Heald, 1933).t Braun and 
Stoner (1958) categorized tumors into two groups: smooth and 
convoluted. Smooth tumors consist of internally expanding 
pith, which results in a smooth swelling of parenchymatous type 
cells. In later stages of tumor development the "smooth" tumor 
may drastically expand, thus breaking through the epidermis, 
resulting in a large, irregular convoluted tumor. 
Agrobacterium tumefaciens is essential to tumor initiation. 
Braun (1959) showed that bacteria-free tumor tissues, of both 
primary and secondary tumors; continue to grow profusely and 
uncontrollably in tissue culture. . . Primary tumors 'are those 
which develop at the site of inoculation while secondary tumors 
develop at distant locations through a process of metastasis. He 
also demonstrated that a small quantity of sterile tumor tissue, 
once embedded in normal plants, can initiate primary tumors 
capable of metastasis. This strongly suggests that a tumor-
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inducing principle is eventually produced by the altered cell, not 
by the bacterium itself. 
Research has shown that a wound is necessary for primary 
tumor formation, not only to create a pathway for the car-
cinogenic bacteria but also as a conditioning stimulus for the 
host cells (Braun, 1959). 
The tumor-inducing principle responsible for the alteration of 
normal cells to tumor cells has challenged scientisrs for decades. 
Even today little is known about the mechanism for tumor in• 
duction. Braun and Stoner (1958) suggested several possible ex-
planations. The principle may be either a metabolic by-product 
of A tumef aciens or a normal host cell constituent which has 
been altered by the bacteria. On the other hand, a virus, 
associated with the bacterium, may cause tumor transformation. 
Finally, tumor initiation may be caused by the bacterium itself. 
Any one, or a combination of these postulates, may be valid. 
The economic significance of crown gall is primarily felt in 
orchards and nurseries. Crown gall may retard growth in the 
roots and stems, but rarely kills the entire plant. The main 
problem experienced by nurserymen is cosmetic damage caused 
by crown galls. Losses of up to 70 percent have been reported 
and attributed to unattractive stocks. (Heald, 1933). 
How Catalase Activity was Measured 
Catalase, a metabolic enzyme found in all plant cells, is 
responsible for the decomposition of hydrogen . perioxide, 
H202, into oxygen and water (White and Handler, 1959). 
2H z(};z ___ Catalase ___ 2H,P + Oiz. 
Research has shown that catalase activity is directly propor-
tional to the metabolic rate {White and Handler, 1959): Because 
neoplastic growth results in an elevated metabolism, catalase ac-
tivity would therefore be expected to increase in tumor cells 
(Braun and Stoner, 1958). 
Agrobacterium tumef aciens were grown on a medium con-
taining both 1 percent nutrient agar and 1.5 percent plain agar-
USP. Cultures were periodically subcultured on a medium con-
sisting of 1.5 percent plain agar-USP. Cultures were grown at 
room temperature, approximately 21 °C. 
The plants used in this research were Helianthus annuus, which 
were divided into four groups each containing five seedlings. 
Group I was inoculated with A r:umefadens at the base of the 
stem, while Group II served as a control, receiving only a sterile 
puncture would at the same location. Group III was also 
inoculated with A tumef aciens but on a primary leaf petiole. 
Similarly, Group IV was a control. All groups were grown in 
the same area lit by a 40 watt incadescent light bulb at a distance 
of 76 cm from the center of the groups, with an average tem-
perature of 21 °C. A 14: IO hour D/L (dark/light) growth ratio 













1 3 s 7 9 11 13 
TIME (DAYS) 
FIGURE 1. • Diameter enlargement of the stem test 
groups. Triangular plotted points represent crown 
gall tissues, while circular plotted points indicate 
controls. Bars at the plotted points illustrates cal-
culated standard error. 
w~.used throughout the experiment._ Daily, the groups were 
rota,ted to insure constant and identical growing conditions. 
Plants were initially fertilized with one teaspoon of dry 
granulated fertilizer to one gallon of distilled water. 
Each plant was inoculated at its respective site with a sterile 
dissecting needle. During the inoculations, the sterilized needle 
was passed through the epidermis and into adjacent cortex. 
Subsequent measurements of the inoculated areas were taken 
with a millimeter ruler {Figures 1 and Z). 
A modified ganong manometer was used to measure catalase 
activity in the plant tissues, which measures the oxygen liberated 
by the decomposition of hydrogen peroxide by any catalase 
present in the tissues (Sundberg, 1982). The first step of the 
analysis was to accurately weigh, using a Sartorius analytical 
balance, the $ample in question. After weighing, the samples of 
known weight were ground using a mortar and pestel for four 
minutes with 5 ml distilled water, this constituted a stock extract 
solution. All stock extract solutions, from respective tissue 
locations, were diluted 1:10 with distilled water. H2()2 used in 
the reaction flask was neutralized from a pH of 5 to a pH of 7 
, using . IM NaOH. . Five ml. of diluted extract were added to_ an 
excess of · H202 in the reaction flask and the resulting 02 
liberation w.as then measured by monqmetry. Extracts were 
used immediately in order to minimize ca~ase decompesition 
(Berman, 1968). 
Trends observed on Inoculated' SpedmeflS 
The plants inoculated with Agrobacterium cumefacie;ns strain B6 
experienced 100 percent tumor infectivify while the ·control 
group, all of which received a sterile puncture would, experien-
ced zero tumor infectivitv. 
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FIGURE 2. • Diameter enlargement of the leaf petiole 
test groups. Triangular plotted points represent 
crown gall tissues, while circular plotted points indi• 
cate respective controls. Bars at the points 
illustrates calculated standard error. 
An interesting phenomenon was observed during the 
developmental stages of tumor growth. Figures 1 and 2 show a 
consistent lag-time of three to five davs before tumors were ob-
served. These graphs also indicate the exceptional growth m 
lateral expansion experienced by both stei;x_:i and leaf tumors. 
Figure 3 shows that higher concentrations of catalase were 
found in tumor tissues than equivalent control tissues. Stem 
rumor tissues contained an average of 39 percent more catalase 
than their respective controls and leaf petiole tumors averaged 
31 percent more than their_ controls. It is also evident that an 
average of 24 percent catalase is present in normal leaf tissues 
compared with normal stem tissues. 
lnte,pretation of trends In tumorous and healthy tissues 
Figure 3 shows that increased catalase activity is present in 
tumor tissues in comparison to healthy controls. According to 
Braun and Stoner (1959), the autonomous growth of tumor cells 
is indicative of an altered metabolism, resulting in-uncontrolled 
growth and cell divisions. As stated previously, such metabolic 
increases would correlate to similar obseNed catalase increases . . 
Figures 1 and 2 show a definite 3-5 day lag-time.before nbrmal 
cells are transformed into malignant cells by the tumor-inducing 
principle of Agrobacterium tumefaciens. Braun and Stoner (1958), 
who also used Helianthu.s annuus in their research, demonstrated 
that host cells must be conditioned by the stimulus of a wound 
before they become susceptible to alteration. Conditioning o{ 
the host cells occurs gradually, reaching a maximum suscep-. 
tibility on day 4, after inoculation (Braun, 1959). , One possible 
explanation of this conditioning time is that a substance could 
be produced by the wound that not only conditions the cell but 
provides the bacteria with a substance(s) essential for tumor in-
duction (Raymond et al, 1975). This lag time could also he due 
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to expoential growth of the tumor cells. A more_ precise 
measuring device; however, would be needed to detect these 
initial divisions. This conditioning response is still not yet fully 
understood. 
One common characteristic noted in ooth crown gall and 
animal malignancies is the phenomenon of metastasis. H. an-


















mation; however, no secondary tumors were observed in this 
investigation (Braun, 1959). From this author's experience with 
H. annuus crown galls, secondary tumors can take months to 
develop, if they develop at all. The mechanism for metastasis 
appears to be associated with proliferation of cells through the 
cortex and transportation by the xylem; however, this process is 
still obscure. 
STEM 
FIGURE 3. · Oxygen released, which Is directly ~ 
ponional to catalase activity, of the test groups. 
Striped histograms Indicate crown gall tissues, 
whereas plain histograms indicate controls. Bars 
above histograms represents calculated standard 
error. 
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Wetlands Informational 
Volume Published by 
Freshwater Society 
A resource information volume covering research, man-
agement, and current issues involving wetlands has been 
published by the Freshwater Society of Navarre, Minne-
sota. The Society, a non-profit membership organization, 
is the educational segment of the Freshwater Foundation, 
which built the Gray Biological Institute, a research 
project of the University of Minnesota. 
The 643-page publication, Wetlands Values and 
Management, includes selected proceedings from a 1981 
midwest conference sponsored jointly by the University of 
Minnesota Water Resource Research .Center, Upper 
Mississippi River Basin Commission, Great Lakes 
Basin Commission, and the Minnesota Water Planning 
Board. Wetlands issues literally from A to Z -- agri-
culture to zoology - are addressed in the volume. Par-
ticipants and presenters at the conference came from 
planning agencies and other offices at all levels of 
government, from universities, and from private as well as 
public research institutions. 
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